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Abstract 

The novel coronavirus SARS-COV-2 or COVID-19 was first discovered in Wuhan, China in late December 2019 and soon became a global pandemic. The virus 
causes flu- like symptoms and is potentially lethal. The rapid spread of the virus leaves the world in total paralysis and has devastating effects on the health, 
economic, and social levels of most countries. 

No treatment has been approved yet and the world really needs a precise and urgent medication. Certainly, the developing of a new specific drug for COVID-19 
would take a longer time than expected but it is hoped that this task will be completed sooner than later; therefore recent studies have prioritized testing 
previously FDA-approved drugs for other indications and whether they have significant effects on COVID-19 or not. In this study, we discuss recent applications, 
protocols, and the outcomes of these drugs as advised by healthcare institutions and providers, as well as to conduct a literature review. 
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Introduction 

The novel coronavirus SARS-COV-2 or COVID-19 was first 
found in Wuhan, China and is the cause of severe acute 
respiratory distress syndrome [1]. Afterwards, this virus 
spread rapidly and became a global pandemic. Although the 
fatality rate is low (reported to be 2.5% as of 12 February 
2020) [2], the accelerating transmission makes it a threat to 
mankind, and finding a curative treatment is a top priority. 
While no such treatment has been confirmed, many drugs and 
combinations are being suggested and some have even shown 
positive clinical results. On January 23, 2020, the first clinical 
trial for COVID-19 was registered, the number of trials then 
ascended to reach 125 registered trials by February 18, 2020. 
The 125 trials utilized various mechanisms of action, 33.3% 
used anti-viral drugs, 33.3% used traditional Chinese medicine 
(TCM) and herbs, 14.7% used using anti-inflammatories or 
immunomodulators, 9.3% used therapies based on cells, 2.3% 
used antioxidant agents, and 7.0% used other methods [3]. 
This article is an attempt to summarize the current situation 
regarding suggested methods of treatment and highlight the 
progress made towards a trusted treatment. 


The mechanism of viral infection and potential therapies: 
There are two proteins involved in viral penetration of cells, 
Angiotensin-Converting Enzyme || (ACE2) and Trans-membrane 
protease, serine 2 (TMPRSS2). 

Angiotensin-Converting Enzyme II (ACE2) receptors are found 
mainly in the tissue of the lung, but also to a lesser degree 
in the tissues of the heart, kidney, pancreas, endothelium, and 
intestine [4]. They protect from lung injury [5], and appear to be 
the main entry point of the novel coronavirus SARS-COV-2 [6]. 
The SARS-COV virus binds to ACE2 receptors using its spike 
(S) protein [7]. It was found that the S protein in SARS-COV-2 
is highly similar and also uses ACE2 receptors as entry points. 
[8] When the S protein binds to Angiotensin Il type 1 (AT1) 
receptors, it results in over-activation of the ACE-Angll-AT1 
pathway which has shown to induce inflammatory responses 
and possibly fibrosis of the lungs or other organs [9]. 

The logical approach to the therapy is to combat this 
interaction, thus the S protein presents a prime target for 
potential vaccines [10]. An article published on 17 March 
2020 suggested the use of Losartan (ACE2 antagonist) as a 
potential protective barrier against the lung damage generated 
by COVID-19 infection [9]. Another suggested therapeutic 
option is to provide a soluble form of ACE2 as a competitive 
interceptor [11]. In a recent study, such a protein was generated 
by combining the extracellular domain of human ACE2 with the 
FC region of human immunoglobulin |gG1. The resulting protein 
had a high affinity for the receptor-binding domain of the virus 
and potently neutralized SARS-COV-2 in vitro by inhibiting its S 
protein [12]. 

SARS-COV-2 also uses the cellular protease TMPRSS2 for cell 
entry [6] which provides another possible target for therapy. 
Camostat mesylate is a clinically proven protease inhibitor and 
a recent study tested its effects on SARS-COV-2, SARS-COV, 
and MERS-COV where it effectively inhibited the viral infection 
by inhibiting (TMPRSS2) [13]. 

The viral entry into the endosomes is also assisted by Cathepsin 


L, an enzyme involved in innate immunity [14,15]. Cathepsin L 
has a vital role in viral infections [16]. The virus uses Cathepsin 
L to remove its S protein from the cell, enabling it to release 
RNA into the host [15]. Tiecoplanin is a glycopeptide antibiotic 
and an accustomed treatment for various bacterial infections. 
It acts on the previous interaction by inhibiting Cathepsin L 
preventing RNA release and thus the replication of the virus. 
Teicoplanin was found to inhibit the infection with novel 
coronavirus COVID-19 and was tested with IC50 = 1.66uM, 
it prevented 2019-nCoV-Spike-pseudoviruses from 
entering the cytoplasm in in-vitro studies [17]. 


where 


Chloroquine and its derivatives, a promising approach to 
treatment: 

The fact of the S protein affinity to the ACE2 receptors 
also led to the examination of Chloroquine (CQ), which is an 
aminoquinoline and is the drug of choice for prophylaxis and 
treatment of malaria and connective tissue autoimmune 
diseases unresponsive to other agents [18]. CQ can be used 
to treat patients infected with the novel coronavirus SARS- 
COV-2 because it inhibits the glycosylation of ACE2 receptors, 
and also has alkaline properties which elevate the pH of 
acidic intracellular organelles, such as endosomes/ lysosomes, 
essential for membrane viral fusion [19]. However, while CQ 
itself showed antiviral effects on COVID-19, high dose intake 
for excessive periods of time induced several side effects [20]. 
Therefore, Hydroxychloroquine (HCQ) was suggested instead of 
CQ due to its similar effects as it is safer and causes fewer 
side effects [20, 21]. It also can be given at a better dosage, as 
CQ can only be given at a 500 mg dosage, whereas HCQ has a 
maximum tolerable dosage of 1200 mg, which is as effective as 
a 750 mg dosage of CQ [21,22]. 

HCQ proved to be more potent than CQ in vitro [23] and, more 
notably, a trial in France was published on 20 March 2020 
yielding exceptional clinical results by using HCQ in combination 
with Azithromycin, although this method has a potential risk of 
severe QT prolongation that should be considered [24]. In China, 
Chloroquine Phosphate has also been tested on more than 100 
patients where it promoted a virus-negative conversion and 
inhibited the aggravation of pneumonia, which improved lung 
findings, thus shortening the disease course. Furthermore, no 
severe adverse effects were noted [25]. 

On March 29, 2020, the US Food and Drugs Administration 
(FDA) has granted the emergency use authorization (EUA) for 
these drugs in the treatment of COVID-19 for a limited number 
of hospitalized cases, and to better evaluate the effectiveness 
of these drugs, high-quality randomized clinical trials are 
required. On the other hand, there are concerns about dangerous 
heart-related adverse events such as QT interval prolongation, 
ventricular tachycardia, and ventricular fibrillation in COVID-19 
patients treated with hydroxychloroquine and chloroquine alone 
or in combination with azithromycin according to the American 
Association of Poison Control Centers National Poison Data 
System. 


Remdesivir: 
Remdesivir is an analog of adenosine. Its mechanism of action 
is to integrate with the chains of nascent viral RNA, causing 
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premature termination of them. Wang et al. reported that the 
mechanism of action of remdesivir depends on blocking SARS- 
CoV-2 infection at low concentrations with a high selectivity 
index [26]. 

Although remdesivir (GS-5734) still needs clinical studies to 
prove its efficiency against COVID-19 but according to its 
broad-spectrum properties, it is expected to inhibit COVID-19 
as it was a potential antiviral drug to treat other CoVs infections 
[27]. 

On the 5th of February, 2020, clinical studies on remdesivir 
in China were started using randomized placebo-controlled, 
double-blind, multicenter clinical trial. The group of patients 
included in this study received a primary dose of 200 mg of 
remdesivir IV then they received a subsequent dose of 100 
mg IV for 9 sequential days, while another group of patients 
received routine treatment with the same dose of placebo [28]. 
It was used to successfully treat the first American case of 
SARS-COV-2 [29]. 

Other antivirals, such as lopinavir/ritonavir, have shown good 
clinical results against COVID-19 [30]. 

The number of trials reached 125 registered trials by February 
18, 2020, and 33.3% of these trials utilized anti-viral drugs. A 
combination of remdesivir and chloroquine proved efficiency in 
inhibiting the recently emerged SARS-CoV-2 in vitro [31]. 
Several recent trials showed that remdesivir was not associated 
with clear clinical improvement and the SARS-COV2 presence in 
the bloodstream was not reduced. Further studies are required 
to confirm the feasibility and efficacy of using remdesivir for 
the treatment of COVID-19 patients. 


Vitamin C: 

Vitamin C is not synthesizable by humans, so it is gained from 
dietary sources. It is a primary antioxidant and enzymatic 
cofactor in physiological reactions, which is involved in collagen 
synthesis, production of hormones, and supports the immune 
system [32]. 

When used in an appropriate dose, Vitamin C acts as a powerful 
antiviral. It can be used alone or combined with other drugs. For 
many people, frequent oral intake of vitamin C to reach the 
daily limit of bowel tolerance provides good antiviral effects. 
Intravenous vitamin C is usually given in critical cases, and the 
sicker a person is, the more ascorbic acid he would tolerate 
orally without causing diarrhea. It could be combined with oral 
multivitamins which is an effective way to prevent coronavirus 
[33]. 

Vitamin C in high dosage is considered as_ rescue therapy in 
emergency cases [34]. But on the other hand, high doses of 
vitamin C may have side effects like osmotic death of immune 
cells, which might create a local inflammation in the alveolar 
medium; therefore, IV glucocorticoid is combined with vitamin 
C treatment to reduce the possible inflammatory complications 
caused by high doses. 

Many studies showed that vitamin C might be preventive for 
the infection of the lower respiratory tract in certain conditions. 
As COVID-19 may infect the lower respiratory tract, a moderate 
dose of vitamin C might help in preventing COVID-19 [35]. 


Lidocaine: 

The human-to-human viral spread is mostly caused by coughing, 
which is one of the common features of COVID-19 infections. 
Premedication with opioids like fentanyl is usually followed by 
coughing, therefore, a single IV dose of Lidocaine is given to 
patients to prevent such features. 

Patients with COVID-19 should be administered injections 
of lidocaine before and after any procedure that requires 
intubation or/and extubation to prevent coughing [36] 


Small Molecules Agents: 

One of the strategies currently under study to treat SARS- 
COV-2 is the combination of small molecules that have anti- 
inflammatory properties and antiviral drugs. Some of the 
suggested such drugs are Baricitinib, Fedratinib, and Ruxolitinib, 
which are strong and selective Janus Kinase (JAK) inhibitors, 
making them powerful and effective against the consequences 
of the elevated levels of cytokines (including interferon-y) 
typically observed with COVID-19 patients-[37]. These drugs 
inhibit clathrin-mediated endocytosis which in turn inhibits the 
viral cellular infection. They also inhibit members of the numb 
associated kinase (NAK) family including the Adaptor-associated 
protein kinase (AAK1) and the cyclin G-associated kinase (GAK) 
which has shown to reduce the viral infection in vitro [39, 40]. 
Among these drugs, Baricitinib is preferable because it has 
a particularly high affinity to AAK1[37]. Baricitinib has anti- 
inflammatory properties and can ameliorate the associated 
chronic inflammation in interferonopathies [41]. 

Its side effects and dosage are acceptable (given orally once 
daily), making it a good choice for treating COVID-19 patients. In 
addition, this medication has a little affinity to plasma proteins 
and a poor interaction with cytochrome enzymes making it 
safe when taken with other drugs, such as directed antivirals 
(lopinavir or ritonavir and remdesivir) which are currently being 
used against COVID-19 [38]. The combination of baricitinib 
and directed antivirals can reduce the viral infection and the 
inflammatory response [42]. 


Ivermectin: 

Ivermectin is an FDA-approved anti-parasitic [43] with a safe 
clinical profile [44] which has shown antiviral capacities against 
a wide spectrum of RNA viruses [45]. 

Ivermectin was tested against SARS-CoV-2 in vitro where it 
effectively inhibited the virus, possibly by inhibiting IMPa/b1- 
mediated nuclear import of viral proteins. Caly et al. found a 
93% reduction in viral RNA in the supernatant (the released 
virions) and a 99.8% reduction in cell-associated viral RNA 
(unreleased and unpackaged virions) after 24 hours of 
ivermectin treatment of SARS-CoV-2 infected cells [46]. Clinical 
evidence and further trials are necessary to confirm Ivermectin 
as a therapy for COVID-19. 


Tocilizumab: 

Tocilizumab is a monoclonal antibody against interleukin 6 (IL6) 
which is used primarily in rheumatoid arthritis. It may confer 
clinical benefit in COVID19 patients who present with high 
levels of IL6 [47]. 

In some critical patients, COVID19 may trigger a cytokine storm 
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that is associated with high levels of plasma interleukin (IL)-6 
as well. Tocilizumab binds to sIL-6R and inhibits the interaction 
between IL-6 and sIL-6R, thus it prevents the inflammatory 
response and the respiratory distress [48, 49]. 

A clinical test was conducted in the First Affiliated Hospital of 
the University of Science and Technology of China successfully. 
Twenty patients underwent treatment, and after the first day, 
the body temperature returned to normal in all of them and the 
symptoms were greatly relieved. Of the 20 patients, 19 were 
eventually discharged [50]. The number of patients was too 
small to draw a conclusion, but these results are promising. 

In a clinical study for a series of patients with COVID-19 
pneumonia, tocilizumab was administered subcutaneously for 
the first time, and it revealed good clinical and radiological 
outcomes [51]. 

On the other hand, tocilizumab revealed favourable clinical 
course and a positive impact on survival when used early during 
Covid-19 pneumonia with severe respiratory syndrome [52]. 


Ritonavir/Lopinavir, Darunavir, and Danoprevir: 

The proteases of the hepatitis C virus (HCV) and the human 
immunodeficiency virus (HIV) have shown a highly similar 
function to those of SARS-COV-2 [53], therefore protease 
inhibitors may have therapeutic effects on the novel coronavirus. 
Ritonavir and lopinavir, a combination of drugs used to combat 
HIV [54], are antivirals that bind to the protease-like domain 
CEP-C30 on SARS-COV and SARS-COV-2 [55]. They inhibited 
SARS-COV in in-vitro and clinical studies [56], but further 
studies are required to confirm their effects on SARS-COV-2. 
Similarly, darunavir binds to the PLVP protease of the virus, [55] 
and a study from China demonstrated its inhibitory effect on 
SARS-COV-2 in vitro [57]. 

The replication of SARS-COV-2 relies on a chymotrypsin-like 
protease (3CL pro) to form the RNA replicase-transcriptase 
complex [58]. The HCV drug danoprevir inhibits this protease, 
and was tested in conjunction with ritonavir on 11 patients. All 
of them were discharged with significantly improved symptoms 
and normal body temperatures within 12 days [59]. 


Corticosteroids: 

Studies show that the use of corticosteroids might accelerate 
recovery from COVID-19. However, there are no controlled 
clinical trials that show whether the use of corticosteroids can 
reduce COVID-19-related death or not [47]. 


Miscellaneous drugs: 

Nitric Oxide has a viricidal effect and was used against SARS- 
COV in 2004. A randomized clinical trial using nitric oxide 
on SARS-COV-2 is currently underway and results are to be 
published soon [60]. 

Other drugs under investigation include leronlimab which is a 
humanized monoclonal antibody for the Chemokine Receptor 
CCR5 and improves immune system response against cytokine 
release storm that may occur due to COVID-19 [61]. 

Other drugs such as umifenovir, galidesivir, camrelizumab, 
rintatolimod and brilacidin are suggested to be tested in clinical 
trials for COVID-19 treatment [62, 63]. 


Convalescent plasma possibilities against COVID-19: 

Treating patients using plasma from patients who have 
completely recovered from the virus is a potential option. Using 
convalescent plasma as therapy for viral infections is not a 
newfound concept. In fact, it has been used against SARS-COV 
and recommended by WHO to treat the Ebola virus during the 
outbreak in 2014 [64]. 

The efficiency of convalescent plasma in treating viral 
infections could be explained by its ability to suppress viraema 
[65]. Multiple articles have discussed and suggested the use 
of convalescent plasma against SARS-COV-2 [66, 67], and a 
study on 20 January 2020 was conducted on 5 patients using 
convalescent plasma and methylprednisolone to treat SARS- 
COV-2. It showed to reduce the temperature and relieve most 
symptoms and 3 of the 5 patients were discharged from 
hospital after 12 days. 

However, these results are controversial due to the limited 
number of patients and the use of methylprednisolone, which 
may have been the cause of recovery [68]. 

Further studies are required to test the viability of convalescent 
plasma as a treatment for COVID-19, so its use on critically ill 
patients was approved by FDA in March 2020 [69]. 


Conclusion: 

Researches on COVID-19 treatments and preventive measures 
are rapidly progressing, and it is difficult to keep up with all 
presumptive treatments. In fact, most of the above-mentioned 
drugs have not been fully tested and further clinical studies are 
needed for the final approval. Therefore, due to the urgency 
of the situation, these drugs were advanced to be used in 
COVID-19 patients, depending on the encouraging and positive 
results obtained from different nations and on case to case 
basis. 

On the other hand, researchers mostly tested drugs that had 
been already used against SARS-COV due to its similarities 
with SARS-COV-2, along with the other medications that 
were previously approved for various infections. Nevertheless, 
developing new drugs, clinical trials, and producing vaccines 
became a world health goal to be achieved and mandate us 
deeply to intense, understand and utilize our knowledge about 
SARS-COV-2 and its clinical manifestations. No vaccine is 
currently available and the development of one is an urgent 
matter. In fact, since, COVID-19 evolves continually and there 
are multiple strains and types of it, the promise to have an 
effective vaccine in the early stage is a big challenge and may 
not occur. 
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